Abstract. Both balloon-borne electrochemical ozonesondes and MOZAIC (measurements of ozone, water vapour, carbon monoxide and nitrogen oxides by in-service Airbus aircraft) provide very valuable data sets for ozone studies in the upper troposphere/lower stratosphere (UTLS). Although MOZAIC's highly accurate UV-photometers are regularly inspected and recalibrated annually, recent analyses cast some doubt on the long-term stability of their ozone analysers. To investigate this further, we perform a 16 yr comparison (1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)) of UTLS ozone measurements from balloon-borne ozonesondes and MOZAIC. The analysis uses fully three-dimensional trajectories computed from ERA-Interim (European Centre for Medium-Range Weather Forecasts Re-analysis) wind fields to find matches between the two measurement platforms. Although different sensor types (Brewer-Mast and Electrochemical Concentration Cell ozonesondes) were used, most of the 28 launch sites considered show considerable differences of up to 25 % compared to MOZAIC in the mid-1990s, followed by a systematic tendency to smaller differences of around 5-10 % in subsequent years. The reason for the difference before 1998 remains unclear, but observations from both sondes and MOZAIC require further examination to be reliable enough for use in robust long-term trend analyses starting before 1998. According to our analysis, ozonesonde measurements at tropopause altitudes appear to be rather insensitive to changing the type of the Electrochemical Concentration Cell ozonesonde, provided the cathode sensing solution strength remains unchanged. Scoresbysund (Greenland) showed systematically 5 % higher readings after changing from Science Pump Corporation sondes to ENSCI Corporation sondes, while a 1.0 % KI cathode electrolyte was retained.
Introduction
Over the last 40 yr electrochemical ozonesondes have been widely used for measuring ozone (O 3 ) up to the burst of the balloon at altitudes of 30-35 km. Electronically coupled with a standard meteorological radiosonde for data transmission to a ground receiver, they provide accurate measurements of O 3 , with a typical vertical resolution of 100-200 m. Ozonesondes provide unique information that can be used to produce O 3 climatologies, validate satellite measurements, establish long-term atmospheric changes and trends, and for comparison with numerical model simulations.
Three main types of electrochemical ozonesondes have been developed since the 1960s: the Brewer-Mast (BM, Brewer and Milford, 1960) , the Electrochemical Concentration Cell (ECC, Komhyr, 1969) and the Japanese ozonesonde (KC, Kobayashi and Toyama, 1966) . At present, most sites use ECC sondes, and, since 2010, KC ozonesondes are no longer used operationally. The principle of operation is based on the titration of O 3 , either in a potassium iodide (KI) sensing solution (ECC and BM sondes) or in a potassium bromide solution (KC sondes) . For each molecule of O 3 entering the solution, two iodide ions (I − ) are oxidised to form iodine (I 2 ), which is subsequently reduced back to I − at the electrodes, generating an electric current of a few microamperes. This current is measured, and by assuming a 100 % reaction yield, can directly be related to the atmospheric O 3 partial pressure. Uncertainties may change during flight as the pump efficiency degrades with increasing altitude, or due to inaccurate pump temperature measurements or the presence of a background current that is subtracted from the measured current . The background current has largest influence on the overall accuracy at low O 3 concentrations and therefore becomes particularly important in the tropical troposphere and below the mid-latitude tropopause (e.g. Smit et al., 2011) . Conversely, the pump efficiency becomes the predominant uncertainty in the stratosphere (e.g. Stübi et al., 2008) .
Although the primary principle of operation has not changed, ozonesondes have undergone several modifications, including changes to manufacturing, preparation, solution concentration and data processing, all of which may have affected the accuracy of the various sonde types and in turn the long-term trends estimated using these data . Over the past decades various research groups have put considerable effort into quantifying the precision and accuracy of ozonesondes, including balloon experiments using a multiple-instrument gondola (e.g. Hilsenrath et al., 1986; Deshler et al., 2008) , dual flights Kivi et al., 2007; Stübi et al., 2008) and environmental chamber simulations Thompson et al., 2007) . A quantitative assessment of ozonesonde data quality is currently under way, following guidelines prepared by the ozonesonde data quality assessment panel (part of the SPARC/IO 3 C/IGACO-O 3 /NDACC initiative on "Past Changes in the Vertical Distribution of Ozone").
Comparison with continuous records from other instruments, for example, space-borne (e.g. Liu et al., 2006; Terao and Logan, 2007; Labow et al., 2013) , ground-based (e.g. SPARC/IOC/GAW, 1998; Thompson et al., 2003a; Logan et al., 2012) or other aircraft-borne in situ measurements Schnadt Poberaj et al., 2009; Staufer et al., 2013) , can also provide information about potential long-term changes in the performance of ozonesondes. Liu et al. (2006) demonstrated that, particularly for tropical stations, the variations in the bias to GOME (Global Ozone Monitoring Experiment) and SAGE-II (Stratospheric Aerosol and Gas Experiment II) found between different launch sites greatly depend on ozonesonde techniques, instrument type, sensor solution, and the total ozone normalisation. The quality of tropospheric data from earlier European BM sondes has been questioned by Schnadt Poberaj et al. (2009) and recently also by Logan et al. (2012) , while stratospheric sonde data appear to have had few problems during the 1980s and 1990s (e.g. Terao and Logan, 2007) .
Commercial airliners have also been used to provide high-quality tropospheric and lower stratospheric O 3 measurements, for example, as part of the MOZAIC aircraft program (Measurements of ozone, water vapour, carbon monoxide and nitrogen oxides by in-service Airbus aircraft, Marenco et al., 1998) or the Swiss NOXAR program (Nitrogen Oxides and Ozone along Air Routes, Brunner et al., 2001) . For data in both programs, European long-range airliners are equipped with accurate UV photometers to measure O 3 and other trace gases. MOZAIC data are available from August 1994 onwards, while NOXAR data are available for 1995-97. In a companion paper (Staufer et al., 2013) we used both data sets to analyse ozonesonde data from Payerne (Switzerland) by using fully three-dimensional trajectories to find commonly sampled air masses. Comparison of the Payerne sonde data with MOZAIC showed mean differences of up to 20 % between 1994-1997, followed by differences of around 5-10 % in the subsequent years (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . The comparison of sonde data with the NOXAR data, however, showed a smaller offset of around 15 % from 1995-1997. The question arises as to whether these discrepancies indicate a small drift in the MOZAIC calibration or whether they are a particular feature of the Payerne data series. To answer this question, the analysis of Staufer et al. (2013) is extended to various other soundings sites in Europe, America, Japan, and Africa.
Data and methodology

Ozonesondes
The meteorological observatory at Hohenpeißenberg (MOHp), Germany, is the only ozonesonde station that continues to use BM sondes (manufactured by Mast Keystone Corporation, Reno, NV, USA), whereas Uccle (Belgium) and Payerne switched to ECC sondes in April 1997 and September 2002, respectively. KC sondes have only ever been flown at Japanese sites. ECC sondes are manufactured either by Science Pump Corporation (SP; model type 5A and 6A), or, since the early nineties, by the Environmental Science Corporation (ES; model type Z). In 2011 ES was taken over by Droplet Measurement Technologies. Originally, ES sondes were operated with a 1.0 % fully buffered KI cathode sensing solution, but after the environmental chamber tests of JOSIE (Juelich Ozone Sonde Intercomparison Experiment, Smit et al., 2007) , the manufacturer recommended diluting the solution by half, to 0.5 % KI. This led some groups to change their technique (see Table 1 ).
ECC ozonesondes prepared according to the manufacturer's recommendations (SP, 1.0 % KI, ES 0.5 % KI) typically measured 5 % higher ozone mixing ratios in the (midlatitude) upper troposphere/lower stratosphere (UTLS) compared to UV-photometers during the JOSIE and BESOS (Balloon Experiment on Standards for Ozonesondes) campaigns Deshler et al., 2008) . The ES sondes using a 1.0 % KI give 10-15 % higher ozone concentrations compared to a UV-photometer, while SP sondes prepared with 0.5 % KI agree within ±5 %, but underestimate the ozone column Deshler et al., 2008) . Thus, stations changing the ECC manufacturer without changing the cathode sensing solution strength accordingly can introduce changes of more than ±5 % in their records.
The US National Oceanic and Atmospheric Administration (NOAA) sites (in this study Boulder, Colorado and Huntsville, Alabama) Recently, the ozonesonde data user community has been addressing how to account for changes in radiosonde instrumentation that have accompanied ozonesonde changes at a number of stations in the past 5 yr or so (Stauffer et al., 2014) . The radiosonde changes propagate to each ozone measurement, but mostly at pressures < 100 hPa; newer radiosondes mostly affect ozone data after 2009. Thus, these influences are neglected here.
The standard operating procedures (SOP) for the BM sondes are defined by Claude et al. (1987) and have been followed by MOHp and Payerne. Payerne has higher correction or scaling factors (CF) than MOHp, probably because the pump temperature was assumed constant at 280 K instead of 300 K (see also Jeannet et al., 2007) . The CF is determined as the ratio between the total O 3 column measured by the ozonesonde and a nearby independent column measurement, such as from Dobson or Brewer spectrometers. Uccle data, as used here, are normalised following De Backer (1999) rather than utilising the SOPs.
The background current is a major error source for ozonesonde measurements in the upper troposphere, where ozone concentrations are small. The SOP for the BM sondes does not call for correction of the background current. For ECC sondes the conventional correction is to assume that the background current is proportional to the oxygen partial pressure and thus declines with altitude (Komhyr, 1986) . This, however, is neither supported by lab studies (e.g. Thornton and Niazy, 1982) , nor by the the study of Reid et al. (1996) , who found a 7-8 % better agreement between ECC ozonesondes and an UV photometer for tropospheric O 3 concentrations when a constant background current was assumed. The recent assessment of ECC SOPs calls for a constant background current . The background current (ib) is measured three times during the prelaunch procedure: once the sondes are exposed to purified (ozone-free) air (ib 1 ), once after exposure to O 3 (ib 2 ), and just prior to flight (ib 3 ). We contacted the principle investigators (PI) (Thompson et al., 2003a, b) . NILU offers campaign data, for example, measurements from the VINTERSOL campaign (European field campaign studying stratospheric ozone), and high latitude station data. The Intensive Ozonesonde Network Study (IONS) experiments (Tarasick et al., 2010; Thompson et al., 2011) over North America have operated in 2004 America have operated in , 2006 America have operated in , 2008 America have operated in , and 2013 . This has augmented regular US launches at Boulder (Colorado), Huntsville (Alabama), and Wallops Island (Virginia) as well as most of the Canadian stations listed in Table 1 . The data are archived at NASA/Langley and WOUDC.
For some stations we needed to switch between the archives to obtain the highest number of soundings. We found that the archives do not necessarily contain the same number of soundings for the same period. Some years are missing at one archive but available at another. Some years are also missing in all archives. MOHp, Payerne, and Uccle typically launch two to three ozonesondes per week, whereas most other sites typically launch one sonde per week. It is important to note that not all sites flew ozonesondes for the entire MOZAIC period, with some stations starting later, particularly tropical ones. Consequently, the total number of launches for the entire MOZAIC period (August 1994 -March 2009 ) is quite different from station to station, ranging from 300-400 (e.g. Paramaribo, Irene) to more than 2000 launches (e.g. MOHp, Payerne, Uccle, cf. Table 1 ).
MOZAIC ozone observations
The MOZAIC program and data from it are described and analysed in detail by Thouret et al. (1998) . Here, only the main characteristics are summarised. Dual-beam UV absorption models from Thermo Environment were installed on several commercial aircraft participating in the MOZAIC project. These UV photometers have a response time of 4 s, a detection limit of 2 ppbv, and an uncertainty of ±[2 ppbv+ 2 %]. For example, for O 3 = 100 ppbv this results in an uncertainty of ±4 ppbv. The quality assurance and control procedures have not changed since the project started in 1994. MOZAIC analysers are inspected annually and periodically calibrated (about every 12 months) with a reference analyser at the French National Institute of Standards and Technology. Additionally, the analysers are checked in-flight with a builtin ozone generator to detect any drift in instrument efficiency. MOZAIC is considered as a standard reference (for example in Thouret et al., 1998 Thouret et al., , 2009 Schnadt Poberaj et al., 2009) due to its regular inspections and checks as well as the unchanged quality assurance procedures. However, the recent analyses of both Logan et al. (2012) and Staufer et al. (2013) cast some doubts on the long-term stability of the MOZAIC ozone data.
MOZAIC's main flight route is the North Atlantic flight corridor, but aircraft also fly to airports in South America, East Asia, and Southern Africa. The flight distribution of the aircraft is shown in Fig. 1 . The sounding sites investigated in this work are chosen according to these flight routes. In total, 31 494 flights were available when we downloaded the data (March 2010), covering the period from August 1994 to March 2009. We use 1 min averaged MOZAIC data, which correspond to a horizontal resolution of 10 to 15 km at cruise altitude. trajectories to ensure both instrument platforms observe the same air mass. In a companion paper (Staufer et al., 2013) , we test and apply this method of comparisons between aircraft measurements from both MOZAIC and NOXAR aircraft and ozonesonde data from Payerne, Switzerland. Here, we summarise just the main points of this method, which is similar to the trajectory match technique used by Rex et al. (1998) or the trajectory hunting technique described by Danilin et al. (2002) . After reconstructing the sonde's flight path using wind data (speed and direction) from the radiosonde, the trajectory tool LAGRANTO (Wernli and Davies, 1997 ) is used to calculate 6 day forward and backward trajectories for each sounding. Fully three-dimensional trajectories are used because it has been shown, for example by Stohl and Seibert (1998) , that they are more accurate than kinematic isentropic or isobaric trajectories in the troposphere. In the stratosphere, isentropic trajectories are of similar accuracy to fully three-dimensional trajectories. LAGRANTO is forced with six-hourly wind fields from ECMWF's (European Centre for Medium-Range Weather Forecasts) ERA-Interim reanalysis (1 • horizontal resolution, 61 vertical levels). Trajectories ascending or descending by more than 450 hPa during the six days simulated are excluded to avoid air masses that transport polluted boundary layer air or air from deep stratospheric intrusions. For each trajectory all MOZAIC measurements matching the trajectory within r ≤ 75 km and ≤ 0.6 K are collected, then a weighted mean of the aircraft observations is calculated and compared to the ozonesonde measurements at initialisation of the trajectories. For the weighting a time lag compared to the soundings is used to account for the reduced accuracy of trajectories further away in time.
Comparison methodology
To assess the uncertainty of this technique, Staufer et al. (2013) checked the method for comparison of one instrument type with itself, i.e. MOZAIC-MOZAIC self-matches. Assuming that MOZAIC is noise-free, they found mean differences of ±2 %. However, it is important to note that this uncertainty was derived under most favourable conditions, namely a large number of matches and most matches found within the first 50 h of the trajectories. The uncertainty is expected to increase when most matches are found after 50 h since trajectory errors typically accumulate with time. Thus, the temporal distribution of the matches is a limiting factor for this comparison. This issue is discussed in more detail in the beginning of Sect. 3.
As shown by Staufer et al. (2013) , the combination of forward and backward trajectories can be used to account for the potential effects of chemistry and mixing along the trajectory paths. These effects are typically more pronounced in the upper troposphere (UT) than in the lower stratosphere (LS). At Payerne, sonde biases of up to 10 % between forward-only and backward-only trajectories were found. Staufer et al. (2013) further showed that tropospheric photochemistry cannot alone account for the observed differences between forward and backward trajectories. Other factors such as the different temporal match distribution between the unidirectional trajectories or an inaccurate quantification of the meteorological conditions additionally contribute to the observed differences. For the data considered, very few trajectories were matched in both directions and Staufer et al. (2013) needed to analyse forward and backward trajectories separately. They showed that by surrounding each trajectory with four additional trajectories, each displaced by 0.5 • latitude and longitude from the central trajectory, the biases could be reduced by half. Furthermore, the sonde bias at Payerne was found to be largely insensitive to the trajectory duration (one or six days). Due to this robustness, and because some sites do not allow reconstructing the balloon flight path since no wind direction or speed data are available, we use all trajectories (the central plus the displaced trajectories), referred to as the combined trajectory set, unless otherwise mentioned.
For tropical stations (φ < 30 • N), trajectories were determined every 1 K in potential temperature at altitudes between 5-15 km. This is in contrast to the mid-and high latitude stations, where similar to Staufer et al. (2013) , the trajectories originate every 5 hPa within the UTLS, which is defined as ±125 hPa around the local (lapse-rate defined) tropopause. Without this adaptation, no matches with MOZAIC would have been obtained because the tropical tropopause is much higher than the typical MOZAIC cruise altitude (8-12 km).
Ozonesonde comparisons with MOZAIC
Results are first presented as averages over the entire MOZAIC period; thereafter the differences between sonde and MOZAIC, O 3 = 2(sonde−MOZAIC)/(sonde+ MOZAIC), are analysed in more detail by separately discussing the behaviour and changes of O 3 in both the UT and LS. We first focus on the mid-latitudes (30 • N ≤ φ ≤ 60 • N) where most stations are located, then show results for stations at high northern latitudes (φ > 60 • N) and for tropical and southern latitudes (φ < 30 • N).
Results of the comparisons are limited by the number of matches, which in turn depends on the number of ascents, the location of the station, and the MOZAIC flight paths (see Fig. 1 , and Tables 1 and 2 ). The number of matches per launch site varies considerably. Table 1 shows, for example, that for the Swiss station Payerne, 1899 ascents can be compared to MOZAIC, while for Natal, which is located in Brazil, only 60 ozonesondes are available for comparison. Thus, stations like Payerne can be analysed in much more detail than stations like Natal.
Another important factor limiting the comparison is the temporal distribution of the MOZAIC matches. As already mentioned in Sect. 2.3, the ±2 % uncertainty of this Lagrangian matching approach derived by Staufer et al. (2013) using MOZAIC-MOZAIC self-matches was obtained with most matches found within 50 h of the trajectories. southern latitudes, or in Japan, have most matches after 50 h. Staufer et al. (2013) tried to systematically assess the uncertainty for different time lags but the uneven distribution of the MOZAIC self-matches, i.e. hardly any matches after 50 h, prevented them from doing so. However, by excluding matches from the first 24 h, uncertainty increased by 1-2 %, particularly in the UT, indicating an increasing uncertainty with increasing trajectory duration (Staufer et al., 2013 Fig. 1 ). In addition, MOHp data from the WOUDC are reported on fewer pressure levels than at Payerne and Uccle. The 16 yr mean O 3 concentrations from sondes and MOZAIC are shown in Fig. 3a . They show a striking agreement. The height of the lapse-rate defined tropopause is derived only from the sondes used in this comparison, resulting in a mean tropopause pressure of 250 hPa. Sonde-MOZAIC differences obtained from the unidirectional trajectories are negligibly small at all altitudes for both MOHP and Uccle, but range up to 5 % at Payerne (see also Staufer et al., 2013) , although the differences in absolute concentrations are on the order of a few ppb in the troposphere. For all stations, the O 3 concentrations obtained from forward-only trajectories are systematically higher than from backward-only trajectories. Figure 3b shows the mean relative differences between sonde and MOZAIC split into three different periods. The first period, 1994-1997, is characterised by large differences between BM sondes and early MOZAIC observations. At MOHp the sondes exceed MOZAIC by 10-15 %, while at Payerne and Uccle even higher offsets are found (up to 25 % in the vicinity of the tropopause). Mean 1994-1997 differences are lowest (5 % at MOHp and 10 % at Payerne, Uccle) at the 175 hPa level, where mean O 3 concentrations are on the order of 200 ppb. After 1997/1998 the mean differences drop to less than 10 % at all three stations, at all altitudes. Figure 3c -e show the time series of 13 month moving average monthly mean differences. The lower stratosphere (Fig. 3c) includes only trajectories where the difference in pressure between the trajectory at initialisation (p(t = 0)) and the tropopause pressure (p TP ) is smaller than 15 hPa. Figure 3d contains a narrow tropopause band with |p(t = 0) − p TP | < 15 hPa. The values chosen are similar to those of Thouret et al. (2006) , who also considered a 30 hPa thick tropopause zone. The time series of the tropopause differences is more uncertain and more variable because the strongest O 3 gradients are typically found in the vicinity of the tropopause. Figure 3e comprises the upper troposphere and includes all trajectories satisfying p(t = 0) − p TP ≥ 15 hPa. All calculations follow the methodology laid out in Staufer et al. (2013) ; however, 50 hPa pressure intervals are used here instead of 1 km altitude bins.
At MOHp, the CF corrects for the low BM sonde bias in the LS, except for the 1994-1997 period when the application of the CF results in a high bias compared to MOZAIC. For the UT, application of the CF is counterproductive for almost all periods. In contrast, at Payerne the agreement with MOZAIC in both the UT and LS is better when no scaling is applied. Whereas Stübi et al. (2008) recommended scaling both sonde types to column O 3 , Staufer et al. (2013) suggest that the transition from BM to ECC sondes is smoother when the BM sondes remain unscaled, at least for the LS as defined here. The homogenised Uccle and MOZAIC data show differences of less than 5 % in the LS (Fig. 3c) , but the homogenisation does not remove the high offset in the mid1990s in the troposphere (Fig. 3e) . However, their CF, whose calculation differs from the usual approach, reduces the bias compared with MOZAIC to 5 % in the UT after 1996. Our analysis qualitatively confirms results from Schnadt Poberaj et al. (2009) for the European ozonesonde stations. Furthermore, our analysis shows that the mean discrepancies at Uccle from 1994-2001 can be traced back to the use of BM sondes. Our results for the free troposphere (p > 430 hPa) also qualitatively agree with the recent study of Logan et al. (2012) , who found that the tropospheric portion of BM sonde data before 1998 should be discarded for trend analysis due to the mismatch with MOZAIC and long-term ozone measurements from alpine sites. The anomalous peak in the Uccle tropospheric data in 2007 is present in our analysis, although in 2002 a peak of similar magnitude is also found. However, note that the peak in 2002 is not present in the UT, when trajectories satisfying p(t = 0)−p TP ≥ 30 hPa are used instead (not shown). The high bias in UT O 3 compared to MOZAIC observed at all three BM sonde sites for the 1994-1997 period remains unexplained.
De Bilt
In contrast to Payerne and Uccle, at De Bilt SP sondes operated with a 1.0 % KI cathode electrolyte have been used during the entire MOZAIC period. A smaller number of ozone soundings is available from this launch site compared to MOHp, Payerne, and Uccle because typically just one sounding is launched per week. Despite this, 90 % of the soundings could be matched with MOZAIC (Table 1) .
Similar to MOHP, Payerne, and Uccle, the 16 yr mean O 3 concentrations from both De Bilt and MOZAIC agree to within 10 % at all altitudes (Fig. 4a) . However, the difference between ozonesondes and MOZAIC shows a distinct time dependence, O 3 amounts to 15 % in the LS and 20 % in the UT from 1995-1996, then slowly decreases to below 0 % by the end of the 1999, and then increases again to up to 10 % after 2003 ( Fig. 4c and d) . This is likely related to the (Fig. 4c) . After 2003, when the mean background values drop below 0.06 µA, the spread in the results resulting from different correction schemes (altitude dependent or constant) is significantly smaller. During this period, the agreement with MOZAIC in the LS is better than 5 % when a constant background is subtracted, and better than 10 % when an altitude-declining background current is subtracted. In the UT, the agreement is better than 10 % with a constant background current and better than 15 % with an altitude-declining background current.
Legionowo
At Legionowo, Poland, SP sondes (1.0 % KI) were also flown for the entire period considered here. In terms of data treatment, a background current declining with altitude is applied. The number of ozonesondes launched is similar to that at De Bilt, and 89 % of the launched sondes can be matched with MOZAIC. Mean differences between the Legionowo sondes and MOZAIC are substantial in the troposphere (10-15 %), but smaller in the stratosphere (< 10 %) (see Fig. 5a and b). The differences remain relatively constant in time, similar to the background current values (Fig. 6 ). The only exception is 1995, when the sondes exceed MOZAIC in the troposphere by up to 20 % ( . Annual statistical distribution of the background current ib2 used to process Legionowo ozonesonde data. Note that ib2 is not reported to the archives for every launch and data prior to 26 January 1995 were not reported to the WOUDC archive.
43 Fig. 6 . Annual statistical distribution of the background current ib 2 used to process Legionowo ozonesonde data. Note that ib 2 is not reported to the archives for every launch and data prior to 26 January 1995 were not reported to the WOUDC archive.
Uccle, MOHp, and De Bilt. In the LS, differences between sonde and MOZAIC are large from 1994-1997 (15-20 %) , then decrease to below 10 % from 1998-2001, and remain around 10 % thereafter. The LS time series of the O 3 at both Legionowo and De Bilt show similar patterns if both data are processed assuming an altitude-declining background signal. The five European stations analysed above reveal pronounced similarities in the sonde-MOZAIC differences. All show large discrepancies of 20-25 % in the mid-nineties (1994) (1995) (1996) (1997) , followed by smaller differences of 5-10 % in the subsequent years. MOZAIC's UV photometers are regularly checked for significant variations and recalibrated each year but it is remarkable that both sonde types (BM and ECC) reveal temporal similarities in O 3 . It is not straightforward to understand this behaviour, but it appears premature to attribute these discrepancies only to errors derived from the ozonesonde observations. Although it cannot be ruled out completely that the Lagrangian technique may have systematic problems, a slight error in the long-term stability of MOZAIC in the mid-nineties needs to considered. This has also been discussed by Logan et al. (2012) , who found an increase in the MOZAIC bias from 1994-2009 over Frankfurt/Munich compared with the alpine surface site Zugspitze (Germany).
As already mentioned, the number of matches and the corresponding temporal distribution affect the application of the match approach. The ozonesonde stations presented above are clearly favoured by their location, the large number of ascents and matches (cf. Table 2), and the temporal distribution of their matches, which are mostly found within the first 50 h (cf. Fig. 2 ). These conditions, however, do not apply to the other stations presented below. Consequently, less precise deductions about O 3 and the influence of instrument variations on the sonde performance can be made.
Lindenberg/Madrid/OHP
The comparison between ozonesonde data from Lindenberg, Madrid, and the Observatory Haute Provence (OHP) with MOZAIC observations is presented in Fig. 7 . The Lindenberg and Madrid sites followed the ECC flight instructions of Komhyr (1986) and Komhyr et al. (1995) for SP sondes (1.0 % KI full buffered cathode solution, processed assuming an altitude-declining background current signal). At OHP they changed from using the SP sondes (flown with 1.0 % KI) to using ES sondes (1.0 % KI) in March 1997, and the data are post-processed assuming a background current that is constant with altitude. Between 400-500 ozonesondes are matched at these three sites, substantially less compared to De Bilt and Legionowo (700-800), or MOHp, Uccle, Payerne (Table 1) at Lindenberg less than 70 % are matched, partly because fewer trajectories are initialised. Similar to MOHp, the other DWD (German Weather Service) station, data from Lindenberg are reported on fewer pressure levels than at Madrid, OHP, and all other sites. The tropopause height at Lindenberg calculated using the soundings available for comparison is 20-30 hPa higher than several European stations, including Madrid, OHP, and Legionowo (Fig. 7a) . Between 300-400 hPa there are some sonde-MOZAIC differences (up to 10 %) between the backward-and forwardonly trajectories, with the backward-only trajectories yielding larger sonde biases (Fig. 7a) . As mentioned previously, and as described in detail by Staufer et al. (2013) , this may result from chemical processing along the trajectories, different temporal match distributions between the unidirectional trajectories, and inaccurate quantification of the meteorological conditions in the UT.
The lower stratospheric sonde-MOZAIC differences at Lindenberg, Madrid, and OHP range from −5 % (OHP) to 5-10 % (Lindenberg, Madrid), while in the troposphere they are somewhat larger (Fig. 7b) . Large discrepancies between sondes and MOZAIC are found in the stratosphere at both Lindenberg and Madrid from 1994-1996 (up to 15 %) (Fig. 7c) . In the troposphere the discrepancies increase in the 1990s at Madrid, while at Lindenberg the sonde data are 15-30 % larger than MOZAIC from 1994-1998.
Our analysis indicates that there is no obvious break in the O 3 time series over OHP resulting from the switch of ECC sonde manufacturer in March 1997. There is, however, a decrease in tropospheric bias after 1997, although this cannot be attributed to the change in ECC sonde type (and retaining a 1.0 % KI) since several other stations show similar deviations during this period as well. The times series in the LS is too noisy to draw any firm conclusions.
Churchill/Edmonton/Goose Bay
The sonde-MOZAIC comparison at the Canadian midlatitude stations Churchill, Edmonton, and Goose Bay is presented in Fig. 8 . Because of the MOZAIC flight distribution, most matches are obtained from forward trajectories (Fig. 8a) , with most trajectories originating from the lower stratosphere. In total, 350-500 ozonesondes can be matched with MOZAIC at these stations, the equivalent of only one third the sample size of the European BM stations.
In the lower stratosphere, the O 3 time series are qualitatively similar, especially for Edmonton and Goose Bay. The sondes overestimate MOZAIC by up to 5 % at Goose Bay, and by up to 15-35 % at Edmonton and Churchill from 1994-1996, but then underestimate O 3 compared to MOZAIC from 1997-1999 (Fig. 8c) . Thereafter, the sonde-MOZAIC bias becomes positive again, ranging between 5-15 %, depending on the station. The results suggest no statistically significant differences in the mean lower stratospheric deviations (at the 90 % confidence level; see Fig. 8b ). Although there are only a few tropospheric matches, the discrepancies at Goose Bay from 1995-1996 (ranging between 15-20 %) are similar to those observed at European stations (Fig. 8e) .
Boulder/Huntsville/Wallops Island
Matches for the United States stations are obtained mostly from forward trajectories originating in the upper troposphere, particularly at Huntsville and Wallops Island (see Fig. 9a ). Note that as for the Canadian stations, the number of matched ozone soundings is much lower than at MOHp, Payerne, or Uccle. This is likely in part due to the low measurement frequency and the position of these stations.
The electrolytic solutions and techniques used by NOAA are unique. The sonde solution chemistry is therefore quite different to all other stations that use one of the standard recipes. At Boulder, the sensing solution strength changed omparisons of ozonesondes with MOZAIC measurements. As for Fig. 3 , but for C n, and Goose Bay. At all three launch sites both SP and ES-Z sondes were flown bef 4 mainly ES sondes were launched but the 1.0 % solution strength was retained 45 Table 1) . The Boulder sondes exceed MOZAIC observations by < 5 % at pressure < 300 hPa for most of the time periods considered, but show a positive offset of up to 20 % in the lower stratosphere from 1995-1996 (Fig. 9c) . This provides further evidence that MOZAIC perhaps underestimates O 3 compared to the sondes from 1994-1997.
Ozone soundings began at Huntsville in 1999. From all observations considered here, only very few backward trajectories are matched so the O 3 time series is almost entirely determined from forward trajectories. Sondes exceed MOZAIC by up to 10 %, depending on altitude (Fig. 9b) 
Sapporo/Tsukuba
The 16 yr mean O 3 concentrations obtained from sondes flown at Tsukuba and Sapporo, and from MOZAIC agree within 5 % in the troposphere (Fig. 10a) . However, there are differences in the stratospheric performance (typically at pressures < 250 hPa) from forward-only and backwardonly trajectories at Tsukuba. The agreement of sondes with MOZAIC also tends to evolve differently at Sapporo and Tsukuba (Fig. 10b) As already mentioned, the time lag between sonde-MOZAIC matches can be an important factor for the comparison. The temporal distribution of the individual matches is provided in Fig. 2 ; however, this distribution might be biased since it does not account for the averaging of the matches along each trajectory -some trajectories contain more individual matches than others -nor for the weighting of matches along the trajectories. It does, though, provide an idea of the mean time lag between MOZAIC measurements and the soundings. In contrast to most of the European stations, the majority of stratospheric matches at non-European stations are not found within the first 50 h of air parcel travel time. Rather, many matches occur at the end of the trajectories where they have already travelled more than 100 h. In our companion paper (Staufer et al., 2013) , a 2 % uncertainty was found when testing this matching technique using MOZAIC-MOZAIC self-matches. This comparison found that most matches (50 %) occurred within the first two days (48 h) of trajectories. Thus, in the case of the Japanese stations with almost no matches in the first two days of the trajectories, this uncertainty is likely to be higher than 2 % due to accumulated trajectory errors and may explain the discrepancies observed. The results for Sapporo and Tsukuba are therefore less reliable.
High latitude stations
Lerwick/Scoresbysund/Sodankylä
Results for the high latitude stations included in this study are presented in Fig. 11 . At these sites the tropopause is located at pressures < 300 hPa except for Lerwick, where it is located at pressures < 250 hPa. A larger sample is obtained for the LS compared to the UT because the height of the tropopause is lower at high latitudes than at mid-latitudes, while MOZAIC's cruise altitude remains constant (8-12 km) independent of latitude. For all three high latitude stations the sondes exceed MOZAIC by 5-10 % in the stratosphere and by 10-15 % in the troposphere. For Lerwick and Sodankylä the differences between sondes and MOZAIC obtained from backward-only trajectories are systematically larger than for forward-only trajectories (5 %) (Fig. 11a) .
Scoresbysund is among those stations that have used ES ozonesondes without the right standard buffered solution. Extensive laboratory and field work showed that differences of 5-10 % can be observed if the wrong solution is used (e.g. Kivi et al., 2007; Smit et al., 2007; Deshler et al., 2008) . At Scoresbysund, after the change from SP to ES sondes in 2001, measured O 3 concentrations are systematically 5 % higher at all altitudes (Fig. 11b) . This is in accordance with the JOSIE and BESOS experiments (Deshler et al., 2008) , which showed that ES sondes had systematic high bias of around 5 % compared to SP sondes when both were operated with a 1.0 % KI cathode sensing solution.
At Sodankylä both SP and ES sondes were flown with a 1.0 % KI cathode electrolyte before February 2006. The majority of the sondes during this period were SP sondes, although for short periods, ranging from several weeks to 3 months, ES sondes were used. From February 2006 onwards only ES sondes with a 0.5 % KI solution have been flown. During both periods the sondes were operated following recommendations of the scientific community and manufacturers, and therefore only small differences of a few percent are to be expected (e.g. Smit et al., 2007; Deshler et al., 2008) . As shown in Fig. 11b preparations is small, and therefore this change is not likely to influence the sonde performance at Sodankylä. At Lerwick sondes exceed MOZAIC, in particular in the upper troposphere in the early years (> 20 % from 1994-1996; see Fig. 11c ). O 3 in the LS is < 10 % for most of 1994-2009, similar to most ECC stations. According to the information given at the WOUDC, Lerwick frequently changed between SP and ES sondes, both flown with a 1.0 % KI electrolyte. We contacted the PIs for more information on the exact switch dates of the ECC sensors so as to analyse the data set more thoroughly. However, satisfying answers could not be provided by them. We therefore cannot assess whether and how the frequent changes from SP to ES sondes and vice versa influences the agreement with MOZAIC data.
Alert/Eureka/Resolute
Only one third of all ozone soundings from these sites are available for comparison with MOZAIC (see Table 1 ). Tropospheric data from these stations are particularly scarce. Because of the very small sample size, only the 16 yr 1994-2009 average is provided (see Fig. 12 ). Most sonde-MOZAIC matches are found at altitudes between 200-300 hPa and indicate that the sondes exceed MOZAIC measurements by 5-10 %.
Comparisons of ozonesondes and MOZAIC measurements. As for Fig. 3 , but for sund, and Sodankylä. Scoresbysund changed from SP to ES sondes in July 2001. The ed. Sodankylä mainly used SP sondes (1.0% KI) before switching to ES sondes (0.5 006. 
Tropical stations
Izaña
Results for the troposphere using only forward trajectories reveal a sonde-MOZAIC bias similar to that observed at European sites such as Legionowo or Madrid. In contrast, results using only backward trajectories reveal a large offset between sondes and MOZAIC (> 20 %, see Fig. 13a ). The geographical distribution of matches (Fig. 14) shows two major peaks in the backward direction, one over the Canary Islands and one over the east coast of the United States, while most matches in the forward direction are found over the Mediterranean Sea, with no pronounced peaks. The spatial distribution is also reflected in the temporal distribution of matches, since no pronounced peaks are observed (Fig. 2 ). Most matches with MOZAIC observations therefore occur after 3 days travel along the trajectory paths, where the trajectories are expected to be less accurate. It may also be possible that O 3 production takes place over the course of the 12 day trajectories given that the photochemical lifetime of tropospheric O 3 is expected to be shorter in the subtropics and tropics than in the mid-and high latitudes (e.g. Logan et al., 1981) . Differences between the two data sets are less than 5 % in the stratosphere, and no trend in performance is found (Fig. 13b ). It appears that Fig. 13c does not support this statement, but it can be explained by the different calculation of O 3 . The calculation of O 3 in Fig. 13b is based on monthly mean differences. Some months contain more ascents than others. Ascents in months with few matches are therefore weighted stronger than ascents in months with many matches, which is not the case for the calculation used in Fig. 13b , where all matched sonde ascents contribute with the same weight to O 3 . No statistically significant changes in bias are found in the troposphere either, but again note that the the sonde data have a greater positive bias from 1994-1995 compared to the subsequent four to five years (Fig. 13e) .
Nairobi/Irene/Naha/Paramaribo/Natal
As a result of the distribution of MOZAIC flights, only very few matches with ozonesondes in the tropics and Southern Hemisphere were found (less than one third of all sondes flown). Furthermore, comparison was only possible in the troposphere because the aircraft cruise altitude is usually below the height of the tropopause. Because of the very small sample size, only the 16 yr (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) average results are provided (see Fig. 15 ). In addition, the rather poor temporal distribution of matches adds to the uncertainty (Fig. 2) . Most stations agree with MOZAIC to within 10 % at pressures > 400 hPa and within 20 % (10-20 ppbv) at pressures < 400 hPa. The bias found at Paramaribo is considerably larger than for the other tropical stations, ranging between 30-40 % higher than MOZAIC at pressures > 300 hPa. Comparison with TOMS (Total Ozone Mapping Spectrometer) overpass observations and co-located Brewer measurements further indicate different error characteristics for Paramaribo (Thompson et al., 2012) . While Paramaribo data showed a positive bias of around 10 %, most other tropical stations showed a smaller bias. However, Paramaribo data were reprocessed in 2012 with a constant background current and a pump flow of correction of Komhyr (1986) was used instead of Komhyr et al. (1995) (M. Allaart, personal communication, 2013) . Thompson et al. (2012) showed that the reprocessing could nearly eliminate total ozone offsets with satellites and spectrometers. The data used here (downloaded in April 2010) evidently reflect high Paramaribo ozone archives.
Summary and conclusions
Because of the annual inspection and calibration of the highly accurate (±2 % uncertainty) UV-photometers, the MOZAIC data are often considered as the standard data set to validate other ozone data sets (e.g. Thouret et al., 1998; Schnadt Poberaj et al., 2009) or chemistry-transport models (e.g. Law et al., 2000; Brunner et al., 2003; Teyessè-dre et al., 2007) . However, recent analyses cast some doubt on the long-term stability of the MOZAIC data; particularly the differences between MOZAIC and NOXAR in 1995 -1997 (Staufer et al., 2013 and the increase in bias between Frankfurt/Munich MOZAIC and the alpine surface site Zugspitze from 1994-2009 (Logan et al., 2012) raised some concern. One of the main purposes of this paper was to investigate the long-term stability and consistency of both MOZAIC and ozonesonde data. To do so, 16 yr (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) of O 3 observations from MOZAIC aircraft were compared with measurements from balloon-borne ozonesondes using 6 day, three-dimensional trajectories. Match criteria of 75 km maximum horizontal distance and 0.6 K maximum potential temperature difference (≈ ±20 m) were chosen to ensure that measurements from both platforms sampled the same air mass. This method relies on 14 859 balloon ascents that are matched with observations from MOZAIC flights, yielding a total of 129 340 independent match trajectories. O 3 measurements from soundings and airliners are averaged in 50 hPa segments to examine tropical to high latitude data. The present analysis confirms that, at least during the MOZAIC period, ozonesondes provide a reliable tool for investigating atmospheric O 3 climatologies, even in proximity of the tropopause, where O 3 partial pressures are low and measurement uncertainty high. The differences between ozonesondes and MOZAIC are typically smaller in the lower stratosphere (5-10 %) than in the upper troposphere (10-15 %), where the uncertainty of ozonesondes is higher. Stratospheric O 3 climatologies from ozonesondes also agree within 5-10 % with satellites such as MLS (Microwave Limb Sounder, e.g. Jiang et al., 2007) and OMI (Ozone Monitoring Instrument, e.g. Thompson et al., 2012) .
At mid-and high latitude stations, ozonesondes typically differ from MOZAIC by 5-10 % after 1998, in very good agreement with previous lab and field studies (for example, the JOSIE and BESOS experiments, respectively, Smit Deshler et al., 2008 , where ozonesondes were also compared to the UV-photometer technique). However, before 1998 discrepancies of up 25 % are observed and one therefore could argue that the ozonesondes should only be trusted after 1998 since the UV photometry technology used by the MOZAIC program is expected to be more precise, particularly at the low ozone concentrations typical of the UTLS. The MOZAIC instruments are also inspected annually and regularly calibrated, which is not the case for singleuse balloon-borne ozonesondes. The fact, however, that 10 of the 20 time series shown in Fig. 16 indicate large positive differences compared to MOZAIC in the mid-1990s, followed by a systematic tendency to smaller differences in subsequent years, casts some doubt on the explanation that the differences are due solely to errors stemming from the ozonesondes. It is remarkable that various sonde types reveal similar behaviour, namely BM (Brewer-Mast) and ECC (electrochemical cells manufactured by either SP or ES). In view of the fact that three different manufacturers were involved in building these instruments, it is not straightforward to understand this behaviour. Likewise, however, MOZAIC operated five aircraft instruments simultaneously, and it is also not clear how these instruments could explain the observed differences, even though they are identically constructed, maintained, and calibrated. A comparison between Payerne BM sondes and O 3 measurements made during the NOXAR B747 project from 1995-1996 showed a smaller offset of around 15 % (scaled) compared to MOZAIC, which may indicate a small drift in the MOZAIC calibration (see Staufer et al., 2013) . The method developed in the companion paper (Staufer et al., 2013) and applied here provides the most reliable results for launch sites with a large number of matches within the first 2 or 3 days. Mainland Europe-based launch sites such as De Bilt, MOHP, Payerne, Uccle, and Legionowo are clearly favoured over most other stations, particularly over 53 Fig. 16 . Time series of the relative differences between ozonesondes and MOZAIC measurements ( O 3 in %) in the upper troposphere. These time series comprise 20 of the 28 launch sites considered in this work (the 8 remaining have too few matches with MOZAIC to be included here). Note the large differences at nearly all sites from 1994 to 1998, and the systematic tendency for smaller differences at 10 of these stations thereafter, three using BM sondes (MOHp, Payerne, Uccle) and seven using SP or ES ECC sondes (De Bilt (SP), Legionowo (SP), Lindenberg (SP), Goose Bay (SP, ES), Edmonton (SP, ES), Lerwick (SP, ES), and Izaña(SP)). Bold lines: O 3 time series with CF (red) and without CF (blue). Numbers at the bottom indicate the number of sondes used for calculating the monthly mean differences. The shaded areas denote the standard error (68 % confidence). Overlapping areas are displayed in light purple.
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Atmos. Meas. Tech., 7, 241-266, 2014 www.atmos-meas-tech.net/7/241/2014/ those in the tropics, southern latitudes, and Japan, which all suffer from long trajectories with larger uncertainty and fewer matches. These European stations therefore could be analysed more thoroughly, while deductions drawn from most other stations certainly are less clear and conclusive. The BM sondes flown operationally at MOHp, Payerne, and Uccle from 1994-1997 overestimate O 3 by up to 25 % in the upper troposphere compared to MOZAIC. These results agree well with previous studies (Logan et al., 2012; Schnadt Poberaj et al., 2009 ). Due to the more favourable conditions, measurements in the lower stratosphere show a smaller offset during this period, especially at Uccle. After 1998, the sonde-MOZAIC deviations decrease to values below 10 % in both the UT and LS. By 1998 most stations had switched from using BM to ECC sondes, with, for example, Uccle having switched in 1997 and Payerne in 2002. In comparison, MOHp continues to operate BM sondes. From 2000 onwards, the sondes flown at these three stations agree with MOZAIC to better than 5 %. Thus, the ES sondes flown at both Uccle and Payerne resemble the expected bias from previous lab and field studies (e.g. Smit et al., 2007; Deshler et al., 2008) .
De Bilt and Legionowo flew all SP sondes with the recommended 1.0 % KI fully buffered cathode sensing solution. It is interesting to note that Legionowo data are not as close ( O 3 is typically around 10 %) to MOZAIC as Uccle and Payerne ES sondes. As shown by Smit et al. (2007) (for example, their Fig. 12 ), a very similar bias to the UVphotometer technique is expected. It is difficult to explain and understand this offset, and it cannot be completely ruled out that it is the result of the Lagrangian match technique. However, the results for De Bilt after 2002, which show a better agreement of typically 5 % between sonde and MOZAIC when a constant background current is subtracted from the cell current, may suggest that the constant background current correction is more appropriate. Indeed, the recent assessment of ECC SOPs calls for a constant background current . However, the physico-chemical description of the background current is not well understood and further research is required to better understand its origin and its appropriate measurement and treatment (see discussion in Vömel and Diaz, 2010; Smit et al., 2011 ). In contrast, the unusual negative bias of De Bilt sondes compared to MOZAIC's UV-photometers from 1998-2002 can be explained by large background current values and the change in treatment.
In other published studies, for example Kivi et al. (2007) ; Smit et al. (2007) ; Deshler et al. (2008) , ECC sondes operated not following the manufacturer's recommendation for appropriate cathode sensing solution strength have been found to have systematic offsets compared to those operated accordingly. The stations affected by this, however, are not located in mainland Europe (except OHP) and thus not favoured by the matching technique. The influences of the different solution strengths were not generally apparent in the comparisons with MOZAIC UTLS O 3 measurements. There are too few matches to analyse this impact at the Natal site. OHP changed in 1997 from SP to ES sondes and kept a 1.0 % KI solution, but discerning this impact is made difficult by the large discrepancies between sondes and MOZAIC in the mid-nineties. The analysis of the Canadian sites does not reveal a change in agreement with MOZAIC introduced by the change of sensor type without changing the cathode electrolyte. The only launch station at which we find a systematic increase in the sonde O 3 measurements resulting from a change from SP to ES sondes (and the solution strength being retained) is Scoresbysund. The results for Scoresbysund are in agreement with conclusions from the JOSIE 2000 experiments , who reported a higher bias of 5 % for ES sondes compared to SP sondes when both are operated with a 1.0 % KI sensing solution. Boulder and Huntsville also changed solutions. The cathode solutions, however, used by NOAA are unique and their own data processing techniques may account for these changes. The agreement with MOZAIC appears to hardly be affected by changes in solution strength.
There is an ongoing debate on the application of a correction factor (CF) to normalise sonde profiles to a nearby column O 3 measurement (Dobson or Brewer), in particular concerning the application of a CF to the tropospheric fraction of the measurements (e.g. SPARC/IOC/GAW, 1998; Thouret et al., 1998; Stübi et al., 2008; Schnadt Poberaj et al., 2009) . Since the CF largely depends on stratospheric O 3 levels, doubts have been raised with respect to its application to the tropospheric part of profiles. The application of a CF implies making assumptions about the O 3 content above burst altitude, which can introduce biases originating from the independent column measurements used. We find no systematic behaviour of sondes to the application of a CF, but rather to a dependence on time; for example, at MOHp, soundings in the lower stratosphere show better agreement with MOZAIC before 1998 if not normalised, but after 1998 the normalisation decreases the sonde-MOZAIC differences. In the troposphere, however, better agreement is obtained without normalisation over the entire time period. The only two exceptions are at Uccle and Legionowo where upper tropospheric soundings agree better with MOZAIC when the data are normalized using a CF. data are available via the CNES/CNRS-INSU Ether web site http://www.pole-ether.fr. We gratefully acknowledge all staff at the soundings sites for carefully preparing and performing all launches. The ozone sonde data used in this publication were obtained from the World Ozone and Ultraviolet Radiation Data Centre (WOUDC; data publicly available at http://www.woudc.org, the Network for the Detection of Atmospheric Composition Change (NDACC; data publicly available at http://www.ndsc.ncep.noaa.gov), SHADOZ (http://croc.gsfc.nasa.gov/shadoz/), a NOAA ftp server (ftp://ftp.cmdl.noaa.gov/ozwv/ozone/), and from NILU's NADIR database. We would also like to thank Bryan J. Johnson and Alberto Redondas for providing information regarding the sonde configuration used at the NOAA sites and Izaña, respectively. Thanks are also due to Ankie Piters and Marc Allaart from KNMI (Royal Netherlands Meteorological Institute) for providing the information on data processing and sonde preparation changes at De Bilt and Paramaribo. Finally, we thank the anonymous reviewers for their constructive and helpful suggestions and comments that helped to improve the manuscript.
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